Introduction
nutritional value (An, 2005) .
Polysaccharides are a type of common ingredients in many fruits with important health care functions such as anti-tumor effects (Zhu et al., 2011) , anticoagulation (Wijesinghe et al., 2011), anti-injury (Shi et al., 2005) , antioxidation (Shi et al., 2005; Thetsrimuang et al., 2011) , anti-inflammatory effects and enhancing human immunity (Yi et al., 2012) . The research emphases of modern medicine and functionalized food chemistry have focused on the physiological activities and structures of polysaccharides. So far, a large number of researches on extraction technologies of kinds of polysaccharides have been reported, including solvent extraction (Wang et al., 2011) , bio enzymatic method (Wijesinghe et al., 2011) , ultrasonic-assisted extraction (Yi et al., 2010; Tian et al., 2012) , supercritical fluid extraction (Wang and Weller, 2006) , microwaveassisted extraction (MAE) (Zeng et al., 2012) , and so on. However, as a result of its nativeness and special habitat distributions, PTG has not been known by the outside and the potential values of its rich nutrients applied in food, healthcare and ecology have not yet been realized until recent years. There have been few papers dealing with polysaccharides extraction technology, studies on the structures and activities from PTG. The objectives of this study were Optimization of microwave-assisted extraction of watersoluble polysaccharides from Piteguo fruit by response surface methodology. MAE procedure was applied to extract crude polysaccharides due to its positive efficiency, low cost and operation convenience in many polysaccharide extraction examples including from Lycoris aurea (Ru et al., 2009) , from tremella , from Lilium davidii var. unicolor Salisb (Zhao et al., 2013) , and so on. Recently, response surface methodology (RSM) (Yi et al., 2010; Zhong and Wang, 2010; Zou et al., 2011 ) is generally considered an effective statistical technique for optimizing complex processes, due to its obvious advantages, e.g. the reduced number of experimental trials needed to evaluate multiple parameters and their interactions, less laborious and timeconsuming. Box-Behnken design (BBD) (Ferreira et al., 2007) , one type of RSM was introduced to optimize MAE technology condition of crude polysaccharides from PTG (PTGP) and systematically analyze the effects of extraction parameters on their yields and their interactions. In addition, the structures and activities of PTGP were analyzed in order to provide the theoretical basis for application of PTGP and full development of this kind of undeveloped fruit resource.
Materials and Methods

PTG preparation PTG was picked in Hezheng County, Linxia
Hui Minority Autonomous Prefecture, Gansu Province in November, 2011. Then, treated (postmature) fruits were transferred and stored at _ 20℃ for the following extraction experiments.
Extraction of crude PTGP with MAE treatment
The treated PTG were washed by distilled water and the peels were removed before being cut into small pieces. The process of crude PTGP by MAE treatment was carried out in a microwave experiment equipment (NJC 03-2, 2450 MHz, Nanjing, Jiangsu, China) with adjustable power settings ranging from 100 W to 800 W. The microwave processor employed in this study was equipped with one 3000 mL closed polytetrafluoroethylene vessel, a power sensor, a temperature sensor, a temperature controller and a cooling system. The pieces of PTG were ground further, and then transferred into the polytetrafluoroethylene vessel. The extraction processes were performed respectively under different MAE conditions. After extraction, the vessel was withdrawn and allowed to cool at room temperature. The treated mixed solutions were filtered respectively, and the supernatant was concentrated in a vacuum concentrator and precipitated with 80% ethanol, and dried to obtain the crude PTGP by vacuum freeze drying.
Determination of the yield of PTGP The content of PTGP was measured by phenol-sulfuric acid method (Dubois et al., 1956; Zhang and Zhang, 2004) . The freeze-dried PTGP sample was dissolved into 100 mL distilled water, and optical density of this 
Experimental design and statistical analyses
The yield of the polysaccharides was affected by numerous parameters. It was necessary to select the parameters that had major effects (Bagherian et al., 2011; . It was reported that extraction power, extraction temperature, extraction time, ratio of water to raw material and extraction number had significant effects on the polysaccharides (Ru et al., 2009; Bagherian et al., 2011; Zhao et al., 2013) . While Microwave power, extraction time and ratio of water to raw material were regards as the critical influencing factors in MAE (Ru et al., 2009; Zhao et al., 2013) . So the three parameters were screened by single-factor experiment including X 1 (microwave power, 100 _ 600 W), X 2 (extraction time, 2.5 _ 15 min), and X 3 (W/M ratio, 10 _ 60 mL/g), and extraction was repeated 3 times in this experiment. Significant differences of the three factors at different levels were analyzed for the yields of PTGP between different conditions, as shown as Table 1 . Based on the preliminary results, the proper range for each factor was preliminarily determined, a three-level-three-factor BBD was adopted in the optimization for extraction of PTGP (shown in Table 2 ). Table 3 represented the coded and non-coded values of the experimental variables and 20 experimental points.
Experimental data indicated that response variables were fitted to a quadratic polynomial model. The general form of the quadratic polynomial model was as follows:
where Y denoted the measured response associated with each factor lever combination; β 0 , β i , β ii and β ij denoted the regression coefficients for intercept, linear, quadratic and interaction terms, respectively; both of x i and x j denoted the coded independent variables. In addition, Design-Expert software (Trial version 7.1.6, Stat-Ease Inc., Minneapolis, MN, USA) was applied to estimate the response of each set of experimental design and optimized conditions. The fitness of the quadratic polynomial model was inspected by the regression coefficient R 2 . F-value and p-value were used to check the significances of the regression coefficient.
Physical and chemical characters of PTGP
The solubility of PTGP was carried out as following: the polysaccharides (50 mg) were dissolved in the distilled water, vigorously mixed and incubated in a 37℃ water bath and the time was recorded until that the polysaccharides were completely dissolved. Starchy polysaccharide was determined by Iodine-potassium iodide reaction (Lee et al., 1994) . Reducing sugar was determined by Fehling reagent (Schneider, 1979) . Uronic acids were assayed by the colorimetric method of uronic acid-carbazole reaction according to the procedure outlined by Bitter et al. (1962) . Protein was measured by bradford technique (Bradford, 1976) . The Optical rotations were determined by the Automatic Polarimeter (Physical optics instrument factory , Shanghai). Each experiment was performed for three times.
Analysis of monosaccharide compositions The polysaccharide
(20 mg) was hydrolyzed with 20 mL of 1.0 M trifluoroacetic acid (TFA) at 120℃ for 6 h in a sealed glass tube, neutralized, washed and dried. Acetylation was then carried out using the trifluoroacetic anhydride reagent . The derivatives were analyzed by gas chromatography (GC) with an DB-5 chromatographic column (0.2 mm × 35 m × 0.25 μm, American agilent) equipped with a flame-ionization detector (FID). As references, the following standard sugars were converted to their acetylated derivatives and analyzed: rhamnose, arabinose, xylose, mannose, glucose and galactose. The GC operation was performed using the following conditions: N2: 15 mL/min; injection temperature: 210℃; detector temperature: 300℃, column temperature programmed from 180 to 220℃ at 10℃/min.
Statistical analysis tatistical analysis of the single-factor experimental data was performed with SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). Besides, Design-Expert software (Trial version 7.1.6) was used for the experimental design and regression analysis of the experimental data as well. Student's T-test was introduced to check the statistical significance of the regression coefficient. The second-order model equation at a probability (P) of 0.001, 0.01 or 0.05 was determined by Fischer's F-test. The adequacy of the model was determined by evaluating the lack of fit, the coefficient of determination (R 2 ) and the F-test value were obtained from the analysis of variance (ANOVA).
Results and Discussion
Effect of Microwave power on the yield of PTGP The efficiencies of different microwave power on the yield of PTGP were investigated. The other key extraction conditions were invariable, i.e., extraction time 5 min, W/M ratio 30 mL/g. As shown in Fig. 1A , the extraction yield of PTGP was observed to improve significantly with increasing microwave power and reach the optimum value (7.72%) when microwave power was increased to 400 W. However, the extraction yield decreased slowly when microwave power was higher than 400 W. Significant differences were shown in Table 1 , which implied that the mean difference of the yield was the highest at 400 W ( p < 0.05). This phenomenon could be explained that solvent viscidity declined and the molecular movements accelerated with the increase of power, which benefited bioactive compounds to release from plant cells into solutions (Alfaro et al., 2003; Wang et al., 2010) . In addition, much higher power promoted the degradation of some sensitive compounds (Bagherian et al., 2011) . Therefore, the center point of microwave power was considered to be 400 W in this experiment. 
Effect of extraction time on the yield of PTGP
Effect of W/M ratio on the yield of PTGP Different W/M ratio
could significantly affect the extraction yield. If W/M ratio is too low, PTGP cannot be completely extracted, on the other hand, excessive extracting agent used will absolutely cause high process cost. In this single-factor-test, W/M ratio was set at 10, 20, 30, 40, 50 and 60 mL/g respectively, while other key extraction parameters were given as the followings: microwave power 300 W, and extraction time 10 min. As shown in Fig. 1C , it could be founded that the extraction yield of PTGP increased quickly with the increasing W/M ratio until 40 mL/g. It was revealed in Table 1 
Predicted model and statistical analysis
The values of three independent variables including microwave power (X 1 ), extraction time (X 2 ), and W/M ratio (X 3 ) were separately optimized using BBD design. The yield of PTGP ranged from 7.07% to 7.98%, and reached the maximum at the W/M ratio of 40 mL/g, microwave power of 500 W and extraction duration of 7.5 min (shown in Table   3 ). By applying multiple regression analysis in the experimental data, the model for the predicted the yield of PTGP (Y) could be expressed by the following quadratic polynomial equation (3) Table 4 ).
According to the quadratic regression model, the value of the determination coefficient (R 2 ) was 0.9809, which meants that 98.09% of the variations could be explained by the fitted model. Table 4 , F-value and p-value of the lack of fit were 10.45 and 0.0111, respectively, which implied that the model was significant. The significance of each coefficient was determined using F-value and Table 5 . It could be seen that three independent variables (X 1, X 2, X 3 ), one interaction term (X 2 X 3 ) and three quadratic terms (X 1 2 , X 2 2 , X 3 2 ) significantly affected the yield of PTGP ( p < 0.01). The other one interaction term (X 1 X 3 )
was also significant ( p < 0.05). The results also showed that the order of factors influencing the response value was as follows: W/ M ratio > microwave power > extraction time. were depicted in three-dimensional surface plots, the third variable was kept constant at zero level. When W/M ratio (X 3 ) was fixed at zero level, the interactions between microwave power and extraction time were shown in Fig. 2a . It could be found that the yield of PTGP increased with the extraction time and microwave power until the maximum, and then decreased. Therefore, the interaction displayed a quadratic effect on the response yield.
Analysis of response surface
Furthermore, the elliptical contour plot shown in Fig. 2b indicated their mutual interactions were not significant (Zou et al., 2011) .
Besides, when the extraction time (X 2 ) was fixed at zero level, the yield of PTGP initially increased and then decreased with both increase of microwave power (X 1 ) and W/M ratio (X 3 ) (shown in Fig. 3c ). The interactions between microwave power (X 1 ) and W/M ratio (X 3 ) were significant from the two-dimensional contours (shown in Fig. 3d ). When microwave power (X 1 ) was fixed at zero level, the yield of PTGP was observed to firstly increase with both According to the model, the predicted maximum yield was 7.98432%.
Considering the operability in actual production, the optimal conditions could be modified as follows: microwave power of 550 W, extraction time of 9.0 min, and the W/M ratio of 45 mL/g, respectively. Under these conditions, the mean value of PTGP yield 7.86 ± 0.12% (n = 3) was obtained. These analysis results
confirmed that the response model was adequate for the optimization of extraction process (shown in 
Conclusion
In this study, an efficient MAE technology has been developed for rapid extraction of PTGP combined with RSM. The results showed that the independent variables (microwave power, extraction time, and W/M ratio), all two quadratic terms and the interaction effects between extraction time and microwave power had the most significant effects on the yield of PTGP. A secondorder polynomial model was applied to optimize PTGP extraction by MAE technology. The optimal extraction conditions for PTGP were as follows: microwave power of 550 W, extraction time of 9.0 min, and W/M ratio of 45 mL/g, respectively. Under this conditions, the mean value of PTGP yield 7.86 ± 0.12 % (n = 3), which was closely correlated to the predicted value of 7.98%. And PTGP was mainly consisted of rhamnose, arabinose, xylose, mannose, glucose and galactose, with the molar ratio of 3.06:2.32:1.56:4.87:3.28:2.18, which was linked with α-glycosidic bond. This work provided a novel and efficient method for the extraction of water-soluble polysaccharides from PTG.
